Different methods for the isolation of soluble proteins were applied to cell cultures of three apple cultivars (Maims sylvestris Mill.), best results being obtained with a rapid technique based on freezing and thawing. Ultrathin-layer isoelectric focusing followed by an improved silver staining method has shown that proteins from apple callus cultures consist of some 60 to 80 zones, with isoelectric points mainly between pH 4 to 7. Depending on protein content, adequate silver staining is achieved with 50 to 500 cells. Protein patterns of callus cultures allowed clear discrimination of cultivars. Protein and peroxidase isozyme patterns in cell saps of suspension cultures show striking differences during the growth cycle, whereas the protein patterns from the nutrient media were constant over the entire cultivation period and closely resembled the patterns of stationary phase and callus cells.
Different methods for the isolation of soluble proteins were applied to cell cultures of three apple cultivars (Maims sylvestris Mill.), best results being obtained with a rapid technique based on freezing and thawing. Ultrathin-layer isoelectric focusing followed by an improved silver staining method has shown that proteins from apple callus cultures consist of some 60 to 80 zones, with isoelectric points mainly between pH 4 to 7. Depending on protein content, adequate silver staining is achieved with 50 to 500 cells. Protein patterns of callus cultures allowed clear discrimination of cultivars. Protein and peroxidase isozyme patterns in cell saps of suspension cultures show striking differences during the growth cycle, whereas the protein patterns from the nutrient media were constant over the entire cultivation period and closely resembled the patterns of stationary phase and callus cells.
Electrophoretic methods which have proved successful when applied in studies of proteins from many sources have been used in only a few reports for the characterization of proteins from plant tissue cultures. Some techniques applied previously include electrophoresis on starch gels (4), isoelectric focusing in columns (10) , or disc electrophoresis (8) . Because of their low content in cell cultures, the soluble proteins are not amenable to direct electrophoretic analysis followed by staining with the widely employed triphenylmethane dyes. Although with some electrophoretic techniques dilute protein samples may be analyzed by stacking the proteins, this approach is limited to vertical gels which are afflicted with a number of operational disadvantages (6) . In an attempt to overcome some of the drawbacks of procedures employed for protein concentration, untreated protein samples from apple cell cultures and nutrient media were directly analyzed by high resolution ultrathin-layer isoelectric focusing (23) in conjunction with silver staining of proteins (1) and visualization of peroxidase (16 (15-20 g ) into a chilled (-25°C) X-press (A. B. Biox, Nacka, Sweden). After keeping the sample for 4 h at this temperature, the sap was obtained by hydraulic cell disruption (9), followed by thawing in a centrifugation tube and centrifugation at 1C, 15,000g for 10 min. The supernatant was applied to isoelectric focusing. For 5 x 5 cm gels the power settings were limited to 2000 v and 3 w. After prefocusing for 6 min with 50 vh the samples were directly applied on the gels with a syringe (Hamilton, Bonaduz, CH). Final field strength and total vh-products were 400 v cm-' and 450 vh. The pH-gradients were determined at the focusing temperature by direct pH measurement on the gel surface using a flat membrane glass electrode with a diameter of 1.5 mm (Ingold, Frankfurt, FRG) and a digital pH meter (Schott, Hofheim, FRG) as described (23) .
Silver Staining. Immediately after focusing, the gels were transferred to Petri dishes containing a 20% w/v solution of TCA. Fixation of proteins and removal of carrier ampholytes (5 min) was accelerated by shaking. Silver staining has been described elsewhere (15) . Briefly, after fixation the gels were treated with a solution of 0.01% w/v KMnO4 for 8 s and rinsed with 10% v/v ethanol in water for 2 x 10 s. Then the gels were placed for 2 min in freshly prepared solution (25°C) of silver diamine, consisting of 0.5% w/v cupric nitrate, 12 ml 0.175 N KOH, 5 ml ethanol, 10% w/v silver nitrate, and 3.5 ml 25% w/v ammonia solution; the reagents were mixed in that order. The protein zones were developed in reducing solution containing 0.2% v/v formaldehyde, and 2% w/v K2CO3, freshly prepared from concentrated stock solutions. Reduction was stopped by 10% v/v acetic acid, as soon as zones were visible (5 s). After rinsing with water the gels were dried on air; they can be conveniently stored with only negligible darkening of the background. For staining of a 5 x 5 cm gel, 7 In extracts from acetone powder many proteins are missing, probably as a result of either incomplete precipitation or of irreversible denaturation (Fig. IB) . The content of proteins with pI 4.5 to 7 is much reduced and the zones in the alkaline (pl 7.8-8.6) and strong acidic (<pl 3.8) gel regions are almost absent. In preliminary experiments, extracts obtained by freezing and thawing were concentrated by ultrafiltration or salting-out. The Serva Blue G-stained patterns of these samples were distorted and inconsistent (data not shown). Therefore, in subsequent experiments proteins from freshly prepared and unconcentrated cell saps were detected by sensitive silver staining (Fig. 1A) (17, 18, 21) .
Patterns of Different Cultivars. Ultrathin-layer isoelectric focusing of soluble protein from apple cell cultures has revealed a high heterogeneity of these proteins, comparable in complexity to cell proteins of other origin (7, 14) . Some 60 to 80 zones were detected, with most of the proteins with isoelectric points (pI) in the range pH 4 to 7 (Fig. 1) .
Protein patterns of each cultivar remain unchanged on prolonged culture on synthetic media, reflecting the genetic differences between the three cultivars selected. They differ mainly in the range from pI 3.8 to 4.7 (Fig. 2) , where the zones characteristic for each cultivar do not depend on the type of nutrient medium, showing only minor quantitative differences (Fig. 2, 2 mg ml-') .
The increase in specific peroxidase activity in cell sap of suspension cultures during growth cycle (from 2 to 43 mmol H202 min-' mg7') is paralleled by some intensively stained alkaline isozymes (Fig. 4) , which are present in trace amounts only in the first 17 Ontario callus on MS medium: 68 mmol H202 min-' mg'; Ontario mature fruit: 0.32 mmol H202 min-' mg-'). The high peroxidase activities of both materials might be due to the prolonged exposure to oxygen-containing gas atmosphere (22) .
Soluble protein in the nutrient medium increases continuously with time reaching a maximum of 50 tsg ml-' at the 27th d.
Surprisingly, these protein patterns are remarkably constant during the observed cultivation period and look very similar to those of the cell sap of callus and late stationary phase cells (Fig. 3) . The peroxidase activity of nutrient medium attains a maximum at the 20th d (250 mmol H202 min-' mg-'). The following decrease of total activity is accompanied by a distinct shift in the isozyme patterns which differ mainly in the acidic range from the patterns of the suspension and callus cells (Fig. 4) . Similar protein (12) 
